The emission of volatile compounds is an environmental and economic concern at amine scrubbing carbon dioxide capture facilities. The condensation of amine species into aerosols has been identified as the main culprit for volatile compound emissions. Condensed hydrolyzed sulfate aerosol nuclei can be present in the inlet gas streams due to incomplete collection in flue gas desulfurization units and generation in selective catalytic reduction reactors. Fly ash can also serve as aerosol nuclei. These nuclei travel through the absorber column while collecting water, amine, and carbon dioxide. Current mitigation methods, including water wash, are not effective at preventing the atmospheric release of these aerosols. This study focuses on the observation of aerosols at several amine-scrubbing pilot plants.
Fourier Transform Infrared Spectrometry (FTIR) sampling was performed at the University of Texas at Austin Separations Research Program Pilot Plant in Austin, Texas. A synthetic flue gas was used at this facility; therefore, aerosols were generated via the direct injection of SO 2 or vaporized sulfuric acid into the absorber inlet. The aerosols were allowed to grow unimpeded and pass through the absorber column. The resulting variations of the emissions of amine, carbon dioxide, and other relevant components were analyzed by FTIR at the absorber or water wash outlet. It was found that the injection of SO 2 increased the emission of piperazine solvent at a 1:1 molar ratio, and the injection of vaporized sulfuric acid increased amine emissions at a rate of 1 mole of H 2 SO 4 to 3 moles of piperazine.
The University of Kentucky, KU, and LG&E Slipstream Plant in Harrodsburg, Kentucky utilized MEA to scrub CO 2 from a flue gas stream of a coal-fired power plant. Aerosol nuclei are present in the flue gas and emissions rates were quantified by FTIR analysis. This facility utilizes a caustic pretreatment column for SO 2 removal. Bypassing this pretreatment step and allowing SO 2 to enter the absorber column increased MEA emissions by 12 to 93%. The presence of CO 2 was observed to play a significant role in amine aerosol emission rates; a 4% increase in the outlet CO 2 concentration resulted in a 10% reduction of amine emissions. A simplified water wash system was found to be ineffective at curtailing aerosol emissions.
Characterization of the aerosol phase alone is performed primarily with a Phase Doppler Interferometer (PDI). The PDI operates by intersecting two lasers at an angle through a small, welldefined volume. A particle that passes through this volume scatters light that is collected by an optical receiver, which uses a phase-Doppler analysis to determine the particle size distribution and number concentration in the gas stream. The PDI is capable of measuring aerosol droplets between 0.1 and 12.0 μm in diameter, and in number concentrations above 1E 6 per cm 3 . An advantage to using a PDI as opposed to other aerosol characterization technologies is its ability to perform in-situ measurements. Other aerosol characterization technologies require the extraction and dilution of the fluid stream, which can change the size and composition of the observed aerosols.
PDI and FTIR sampling were performed simultaneously at the National Carbon Capture Center in Wilsonville, Alabama. This facility uses MEA to remove CO 2 from the flue gas of a coal fired power plant. The configuration of the process equipment was observed to play a significant role in amine aerosol emission rates. Reordering the process to have the blower between the water wash instead of upstream of the absorber column resulted in a threefold decrease in MEA emissions. PDI measurements observed that the use of the intermediate blower instead of the upstream blower resulted in fewer, smaller diameter aerosols. Decreasing the CO 2 capture rate was found to coincide with reduced amine aerosol emissions. Lower CO 2 concentrations were correlated with a lower aerosol concentration per unit volume, but the aerosol sizes were significantly larger and resulted in increased amine emissions. By using the particle size distribution and aerosol number concentrations observed by the PDI, the total liquid volume in the aerosol phase was calculated. Comparing this calculated quantity with the amine emissions observed with the FTIR allowed the amine concentration in the aerosol phase to be determined.
